There has been a steady increase in the number of studies investigating educational robotics and its impact on academic and social skills of young learners. Educational robots are used both in and out of school environments to enhance K-12 students' interest, engagement, and academic achievement in various fields of STEM education. Some prior studies show evidence for the general benefits of educational robotics as being effective in providing impactful learning experiences. However, there appears to be a need to determine the specific benefits which have been achieved through robotics implementation in K-12 formal and informal learning settings. In this study, we present a systematic review of the literature on K-12 educational robotics. Based on our review process with specific inclusion and exclusion criteria, and a repeatable method of systematic review, we found 147 studies published from the years 2000 to 2018. We classified these studies under five themes: (1) general effectiveness of educational robotics; (2) students' learning and transfer skills; (3) creativity and motivation; (4) diversity and broadening participation; and (5) teachers' professional development. The study outlines the research questions, presents the synthesis of literature, and discusses findings across themes. It also provides guidelines for educators, practitioners, and researchers in areas of educational robotics and STEM education, and presents dimensions of future research.
Introduction
Robots inspire us to wonder about the world we may experience in the future. For example, many people marvel at the sight of a tiny drone aircraft hovering above us, wish for a Rosie (or Roomba) to do daily chores, or long for a companion like R2-D2 of Star Wars. This initial attraction can lead to a deeper connection with many technical aspects of robotics, including robotics use in education. Broadly, integrating robotics in an educational setting can lead to an interest in STEM (Science, Technology, Engineering, and Mathematics) topics and allow deeper engagement of students on complex concepts (Melchior, Cohen, Cutter, & Leavitt, 2005) . Educational robots have been used for various reasons such as instructional materials (Lau, Tan, Erwin, & Petrovic, 1999; Wang, 2004) , learning companions (Kory & Breazeal, 2014; Kory, Jeong, & Breazeal, 2013) , and teaching assistants (Han & Kim, 2009; You, Shen, Chang, Liu, & Chen, 2006) . K-12 educational robots and robotics competitions have emerged as highly popular educational activities that actively engage children in critical thinking and problem solving in team settings . Accordingly, there has been a steady increase in the number of research studies investigating educational robotics and their impact on academic and social skills of young learners (e.g., Alimisis, 2013) . However, systematic reviews are needed for full integration of the current knowledge base on the effectiveness of educational robotics in both formal and informal settings.
While some studies demonstrate the role of educational robotics to enhance student interest and engagement (Rubenstein, Cimino, Nagpal, & Werfel, 2015) , little evidence is available across studies to reach a conclusion regarding the relative effectiveness of educational robots on students' learning outcomes and professional skills (e.g., communication, collaboration). Also, most studies lack details about the implementation of educational robotics within and outside school environments. Although growing bodies of literature regarding robotics use in K-12 education exist (e.g., Alimisis, 2013; Eguchi, 2014; Hendricks, Alemdar, & Ogletree, 2012; , there is a need to connect the theoretical basis of robotics usage with its implementation. The research goals that guide this systematic review study are to explore the main purposes of educational robotics usage in K-12 formal and informal learning settings and the benefits achieved with its implementation, as well as to synthesize the main findings across studies. To address these research goals and identify the common themes in literature, we systematically reviewed the literature about educational robotics within K-12 STEM education.
Our review regarding educational robots in both formal and informal learning environments covered studies published from the years 2000 to 2018. We used a systematic review approach and classified a total of 147 studies. Each study was reviewed based on its theoretical framework and results. Further, we synthesized studies to identify common themes encountered throughout the research discussing the effectiveness of robotics in existing literature. This study analyzed the literature with three goals: (1) to determine recurring themes in studies investigating K-12 robotics implementation; (2) to present empirical evidence about the benefits of using educational robots; and (3) to define research perspectives in educational robotics to aid in developing and improving STEM pedagogies.
The paper is structured into eight sections. Section two presents a brief review of the literature on educational robots indicating the unique role of robotics in education. Section three outlines the purpose of this study. Section four addresses the research methods of this study, describing the systematic evaluation, selection, coding, and synthesis methodologies. Section five outlines the findings, including identified themes presented alongside exemplary studies. Section six summarizes the findings, section seven provides limitations, and the last section provides a conclusion with future directions.
Educational Robotics
Ever since LOGO programming language was first developed in 1967, educational robotics has become an important pedagogical tool for K-12 STEM education. The frequency of robotics usage has exploded in the past two decades, especially after the collaboration between LEGO Group and the Massachusetts Institute of Technology (MIT) Media Lab to develop educational robotics for mass markets called MINDSTORMS. According to LEGO Education North America sales figures, over 60,000 formal and informal education providers in the United States have purchased MINDSTORMS robots, and their use has greatly expanded as evidenced by growth curves in LEGO-based competitions. Today, with a flock of interest in the maker movement, the number of tinkerers, novices, designers, and engineers who combine easily accessible information with personalized technologies and become active makers, instead of passive users of products and tools, is steadily increasing across age groups. Robotics competitions and maker fairs are stimulating intrinsic motivations for innovation and creativity. These informal settings have the potential to provide an ideal venue that could tacitly nourish children's life-long learning skills through curiosity, observation, and interactive activities.
Theoretical Context of Education Robots
Historically, the fundamental theory that accounts for the role of educational robots is constructivism (Bruner, 1997; Ginsburg, 1988; Piaget, 1970) . The premises of constructivism consider knowledge as an experience that is actively constructed through interaction with the environment (Piaget, 1970) . Based on constructivism, learners typically work on authentic problems in small groups or student teams. Learners' prior experiences and prior knowledge are the basis for constructing further knowledge. Furthermore, the process of knowledge construction and formative assessments are as important as the final product and summative assessment. This mechanism of working on authentic problems encourages generating solutions by employing technological framework meant to engage and motivate students (Papert, 1993) .
The second theory, which is in line with the primary purpose of using robotics to enhance student learning, is constructionism (Papert, 1980; . This theory shares ideas with constructivism, but expands it by providing realworld context to guide the generation of new knowledge (Papert, 1980) . In this way, constructionism as a theory supports student-centered learning and also places emphasis on discovery learning with tangible objects and making connection between prior knowledge and new information in the real world (Alimisis & Kynigos, 2009 ). The main difference between constructivism and constructionism is that while constructivism primarily refers to the mental processes of learners, constructionism mainly indicates physical processes (e.g., constructing a physical model, generating a mathematical equation, etc.) (Ackermann, 2001 ). Thus, constructionism considers both construction and deconstruction, and makes the process of thinking and learning visible by engaging students in a process-oriented task.
Early Eduational Robots
Seymourt Papert's pioneering work during the 1980s showed that young children could learn the LOGO programming language and code the ''turtle'' robots to solve problems. The idea was based on the unique features of educational robotics. The educational robots provide opportunities for students to engage in both coding (i.e., programming) and non-coding (i.e., creativity, abstraction) aspects of computer science starting at an early age. In light of this feature and in order to engage young students, MIT Media Lab, in collaboration with Seymour Papert, developed the LEGO MINDSTORM line of robotics hardware and software used in many K-12 robotics competitions. The system draws its name-MINDSTORMS-from Papert's 1980 book Mindstorms: Children, Computers, and Powerful Ideas. Papert was also one of the developers of the LOGO programming language, which later provided the basis of constructionism (Papert, 1986; Papert & Harel, 1991) . The LOGO language was designed to help children build computer programming skills and knowledge. The constructionist curriculum focused on problem-based learning scenarios in which students could have the ability and need to build skills as part of the process of solving a larger problem. Thus, skills are acquired while constructing a solution to a problem. A good problem will require, suggest, and support the development of the appropriate skills. A robotics competition, then, might be the best opportunity to provide a problem and the environment in which to construct a solution. The quality of such a program would be measured through its ability to assess the right kinds of learning, as much as what kinds of learning it produces.
Use of Robots in Education
Beginning with Papert's work (1980) there have been several studies on utilizing educational robots to teach various STEM concepts (e.g., Klahr & Carver, 1988; Mason & Cooper, 2013; . Early studies on educational robotics primarily focused on teaching computer programming, as Papert was one of the developers of the LOGO programming language. More recent studies are primarily focusing on a broader set of computer science concepts and skills called ''computational thinking'' (e.g., Bers, Flannery, Kazakoff, & Sullivan, 2014; Wing, 2006; 2008) .
In addition to computer-science-specific studies, there are a significant number of studies on educational robotics with a focus on multiple STEM-related concepts and skills. Some studies have shown that educational robotics have a positive effect on students' critical thinking and problemsolving skills (e.g., Okita, 2014) . A few of these studies have illustrated that educational robotics can increase students' interest and engagement in STEM (e.g., Kim, Kim, Yuan, Hill, Doshi, & Thai, 2015; Mohr-Schroeder et al., 2014) , proportional reasoning skills (Alfieri, Higashi, Shoop, & Schunn, 2015) , and learning of mathematics (Martinez Ortiz, 2011) , physics (Williams, Ma, Prejean, Ford, & Lai, 2007) , and science literacy (Sullivan, 2008) . On the other hand, some studies reported no significant gains in student learning , or significant effects for some subgroups of students (Lindh & Holgersson, 2007) .
Robotics also has a multidisciplinary nature that integrates STEM disciplines (Grubbs, 2013; Johnson, 2003; Khanlari & Kiaie, 2015) . Khanlari and Kiaie (2015) explored teachers' perceptions of the use of robotics in STEM fields. In addition, the authors found that robotics could promote students' thinking in STEM courses (Khanlari & Kiaie, 2015) . Merdan, Lepuschitz, Koppensteiner, & Balogh (2017) suggested that the use of robotics brings innovative engagement in STEM classrooms and fosters problem-solving and teamwork skills. Similar results are reported in an empirical research study conducted by Kim and colleagues (2015) , where the findings suggest that the use of robotics can increase STEM engagement and improve student attitudes toward STEM education. Furthermore, some studies argued that educational robots can foster students' skills in writing, reading, collaboration, and communication (Alimisis & Kynigos, 2009; Atmatzidou, Markelis, & Demetriadis, 2008; Carbonaro, Rex, & Chambers, 2004) Overall, there has been a steady increase in the number of educational research studies that have investigated educational robotics and its impact on the skills and social and academic knowledge of young learners (e.g., Alimisis, 2013; Eguchi, 2014; Hendricks, Alemdar, & Ogletree, 2012; Witherspoon, Schunn, Higashi, & Baehr, 2016) .
Robots and Educational Setting
Prior literature gives evidence of a range of settings in which educational robotics programs have been employed. For instance, many research studies explored the effectiveness of educational robots in school settings (Bers & Urrea, 2000; Dias, Mills-Tettey, & Nanayakkara, 2005; Resnick, 1993) , in technical and vocational schools (Alimisis, Karatrantou, & Tachos, 2005) , after-school programs Rusk, Resnick, Berg, & Pezalla-Granlund, 2008) , summer camps (Balaguer Alvarez, 2017; Barger, Gilbert, & Boyette, 2011; Ericson & Mcklin, 2012; , project-based learning environments (Carbonaro et al., 2004) , and various STEM fields Williams et al., 2007; . Prior studies argued that educational robotics and participation on a robotics team have the potential to significantly influence a child's academic and social skills by allowing them to actively engage in critical thinking and problem solving through designing, assembling, coding, operating, and modifying robots for specific goals . For that reason, most school programs and after-school programs, weekend clubs, summer camps, makerspaces, and education programs within museums have integrated educational robots into their programs to empower children with critical thinking, problem solving, and professional skills. For example, Ericson and Mclin (2012) used summer camps to socially engage students in creative computing tasks using PicoCrickets, LEGO NXT kits, and LEGO WeDO kits to design a musical pickle, spin art, and plane, respectively. The investigators conducted the study with goals of increasing diversity and enhancing students' learning by engaging them in creative student-led projects. They used paired pre-and post-surveys to evaluate the camps and reported positive attitude changes in students. They also found that students' learning of concepts was increased as a result of engaging activities in summer camps.
Since there has been a significant interest in educational robots, it is important to explore these efforts to understand how robotics has been used as an innovative tool, and to conduct comparative studies which investigate the relative effectiveness of educational robots in comparison to other approaches.
Purpose of This Study
Although educational robotics is considered an innovative instructional tool in and out of classroom environments, the effectiveness of the use of educational robotics is often presupposed. The literature has evidence of few existing review studies on robotics in K-12 spaces (i.e., Benitti, 2012; Karim, Lemaignan, & Mondada, 2015; Toh et al., 2016; Xia & Zhong, 2018) . These studies differ from the current study for two primary reasons: (1) the research questions; and (2) the number of studies included in the review-all prior reviews had a smaller number of studies included. Furthermore, the limited inclusion of studies provided a limited conception (Bascou & Menekse, 2016) . Table 1 shows a brief overview of prior review studies. Benitti's (2012) study considered the benefits of introducing robotics tools and platforms to teach various topics. Benitti's review explored the effectiveness of educational robotics, focusing on studies of robotics in school classrooms but not including those in informal settings. Benitti's review provided a sound base for the current analysis; however, it had several limitations such as a limited number of studies, use of only quantitative evaluation of the learning, and not accounting for the underlying theoretical foundations that made specific forms of robotbased pedagogies more efficient. Also, since teaching and learning practices in formal and informal environments differ, to fully understand how educational robotics affects children's academic, motivational, and social skills, the integration of the current knowledge base on the effectiveness of educational robotics in informal learning environments is also needed through a systematic review using a rigorous design.
Karim and colleagues (2015) also reviewed literature on educational robots such as LEGO Mindstorms (''LEGO Group. LEGO Mindstorms ev3.''), VEX IQ Super Kit (''Vex Robotics. Vex iq super kit."), and Hemission (''KTeam Corporation. K-team robots.''). They identified several shortcomings in robotics platforms and teaching environments and suggested having an educational framework that combines robots and augmented reality. The study emphasized the importance of having pedagogical modules. However, this study, in addition to the limited number of included studies, failed to indicate the effective robotic pedagogies and theoretical foundations that are required for educational modules in STEM education.
The study focus of Toh and colleagues (2016) was limited to the use of robotics in early childhood and lower level education. The authors examined the influence of robots on children's behavior and development, and their reaction to the robot's appearance and visual characteristics. Thus, both the focus and intent of the study is different from the current study.
The recent review study by Xia and Zhong (2018) used the ''snowballing approach'' to identify the papers. Table 1 Primary research questions and the number of included studies in prior review studies. * Based on the study's (Karim et al., 2015) They examined each paper for nine factors: sample groups, duration, robot types, content knowledge, study type, intervention mechanism, instruments, findings, and instructional suggestions. In light of their findings, the authors proposed having more intervention studies with focused research design in K-12 spaces. However, this study, while addressing important questions, was lacking on several grounds:
1) The authors used an artificial criteria of limiting studies to journal articles only. This artificial criterion is used to indicate the quality of papers in the fields of computer science, computer engineering, and electrical engineering. However, quality literature is also found in conference proceedings of ACM, IEEE, and ASEE conferences. 2) The authors used ''snowballing approach'' on the basis of three selected articles. The snowballing approach is not a repeatable process, which questions the basic credibility of the systematic literature review.
Acknowledging the limitations of these existing reviews, we believe it is essential to provide a more holistic portrayal of the research on educational robots. We reviewed the literature in a manner that not only captures how and in what subjects teachers and researchers have attempted to use educational robotics, but more importantly, highlights the complex psychological, organizational, and cultural mechanisms that influence the capacity for robotics to enhance students' motivation and learning outcomes. However, like the above studies, our goals demanded that we develop a systematic manner to organize the studies.
Research Methods
In this study, we used the systematic literature review methodology to search, review, and analyze the existing literature. To conduct the systematic literature review, we used Borrego, Foster, and Froyd's (2015) four complementary methods: search, selection, coding, and synthesis.
Search Method
To begin our examination of the relevant literature, we first searched the following research databases: ACM, IEEE Xplore, ERIC, and ASEE Annual Exposition and Conference Proceedings. The search was performed twice in the last few years: (1) June 2014 and (2) September 2018 using the search protocol depicted in Table 2 .
Selection Strategy
The 635 studies were analyzed based on our inclusion and exclusion criteria (Table 3) . We excluded 488 articles based on five exclusion principles and full-text review. These principles are non-compliant sample properties (139), secondary or tertiary source articles (59), irrelevant nature of articles (120), non-relevance to current study (58), and incomplete or duplicates (34). Further, full-text reviews excluded 78 other studies for nonrelevance to current study on robotics. Two of the authors of this study collaboratively worked on deciding to include or exclude a study by using the exlusion principles provided in Table 3 . Figure 1 describes the flow of information through the stages of identification, screening, eligibility, and inclusion. Based on the exclusions principles, 147 studies were included in this literature review. Please see Appendix A and B for the complete list of reviewed studies. Figure 1 shows the study inclusion and exclusion flowchart based on the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) checklist for our research purposes (Moher, Liberati, Tetzlaff, Altman, & Prisma Group, 2009 ). The PRISMA checklist is an extensively used protocol for systematic reviews and meta-analysis across disciplines to ensure high-quality reviews (e.g., Nordheim et al., 2016; Polanin, Maynard, & Dell, 2017) .
Coding and Synthesis
We initially documented and classified all studies on the basis of seven features: (1) experimental vs. non-experimental research design; (2) formal vs. informal learning environments; (3) whether the investigation included student-learning data; (4) types of robotics platforms; (5) sample properties; (6) primary goal(s) of the study; and (7) primary results and findings. We also explored commonalities in research methodologies, results, and subsequent findings of these 147 studies. We classified articles based on prevalent themes. The five identified themes are: (1) general effectiveness of robotics in education; (2) students' learning and transfer skills; (3) creativity and motivation; (4) diversity and broadening participation; and (5) teachers' professional development.
We observed that although most articles followed one category or theme only, there are 27 articles that could be classified under more than one theme. After assigning each article to a theme, we summarized and discussed the representative studies.
To develop a systematic model in which to organize the studies, we began by classifying the studies based on their commonalities. Once all the databases were exhausted of relevant primary studies, we ascribed each cluster with a brief description. This description was used to depict typical trends found in the studies of the cluster. Furthermore, to refine the rationale behind the groupings, we studied the secondary and tertiary sources of these studies. These sources provided insight into the distinctions and individual elements of the studies and helped to identify their unique aspects. Also, these sources provided information on how each study differs from the others based on their goals, theoretical frameworks, and findings. We used this information to devise our coding scheme for all the articles, and we merged the codes into categories and themes. We combined the redundant themes as well.
Findings
These 147 articles were reviewed to identify their primary classification and qualitative thematic analysis (please see Appendix A and B for all 147 studies). For basic classification, all articles were categorized based on information about their research settings, research designs, and publication types. We observed that the majority of studies lacked an experimental or quasi-experimental design. Also, we found that more studies were conducted in informal learning settings such as summer camps rather than formal learning settings such as classrooms. Also, in these selected articles, there were more conference papers than journal articles. Moreover, a majority of the studies (i.e., 67%) reported use of a version of LEGO Mindstorms. Table 4 indicates the primary differentiation of these articles.
For the qualitative thematic analysis of these 147 articles, we conducted an investigation based on commonalities found in the research methodologies, results, and subsequent findings. We further considered demographic features, tools used for student motivation, and pedagogical approaches. Considering the obtained results of the analysis, we classified these articles into five themes. There were 27 studies which were multi-themed and classified accordingly. Table 5 shows the number of studies categorized under each of the categories and themes.
Theme 1: General Benefits of Educational Robots
The first theme addresses the general benefits of educational robots. We found a total of 45 studies that addressed the general benefits of robotics usage in K-12 education without focusing on more specific aspects. These studies focused on the idea that there is a broad benefit to using educational robotics with K-12 students, but they typically do not highlight a particular focus. These studies unanimously suggested that robotics promotes activelearning pedagogy and helps to improve the learning experience. The studies in this theme have used educational robotics to integrate engineering design in curriculum courses or after-school programs (Mosley, Ardito, & Scollins, 2016; Taban, Acar, Fidan, & Zora, 2005) , critical thinking and inquiry  D. C. Williams, Ma, Prejean, Ford, & Lai, 2007) , and other developmental competencies (e.g., confidence, etc.) (Barger et al., 2011; Mac Iver & Mac Iver, 2014) .
As an exemplary study of this theme, Sahin and colleagues (2014) described the effectiveness of six STEM-related after-school activities. The authors used qualitative case study design to understand and analyze students' views about activities and reported that such robotics activities with high use of design processes helped students to work in collaborative environments and partnerships, and to demonstrate uses of various 21
st century skills such as commitment, problem solving, and ownership of work.
In another study, Williams and colleagues (2007) found evidence validating the effectiveness of educational robotics for students. The authors evaluated the impact of a robotics summer camp on students' physics content knowledge and scientific inquiry skills by using pre-and post-analysis. The analysis indicated a significant difference of physics content knowledge measured by pre-tests and post-tests (M pre 5 8.40; M post 5 9.75; p 5 0.004). For inquiry skills, researchers reported that students showed less interest in traditional lessons and were more inclined to participate in robotics building and programming tasks. However, no statistically significant differences were found when comparing pre-test and post-test scores for the scientific inquiry measure.
Overall, these 45 studies under the first theme had a broader focus and indicated that incorporating educational robots in formal and informal learning settings is valuable for students to enhance their academic success and/or professional skills.
Besides addressing general benefits, some studies focused on the use of robotics for more specific purposes. We classified these studies into four other themes: enhancing students' learning and transfer skills, increasing creativity and motivation, enhancing diversity and broadening participation, and improving teacher professional development.
Theme 2: Learning and Transfer Skills
The theme of learning and transfer skills category includes studies that used robotics to enhance students' construction of new knowledge. The category emphasized that with the use of robotics, students can be engaged in an active-learning process, where they will construct new knowledge based on a hands-on experience and by engaging with certain tasks. In the process of using robotics, students learn and construct new knowledge through inquiry, exploration, and making the cognitive association with prior experience. We observed that 32 studies showed relevance to this theme. These studies explicitly examined either: (a) how hands-on learning experience with robots allows students to understand abstract concepts better (e.g., K. Williams, Kapila, & Iskander, 2011) ; or (b) promotes students' ability to transfer knowledge learned through experiences to a novel setting or problem (e.g., .
As an exemplary study for this category, Williams and colleagues (2012) assessed the effectiveness of an afterschool program in implementing hands-on robotics activities. They considered robotics as a tool for facilitating elementary school children's understanding of mathematical concepts outside of a traditional classroom setting. The researchers designed three interactive, team-based LEGO activities. Based on data collected in pre-and post-evaluation surveys, all three lessons demonstrated that students improved their conceptual understanding of the content after participating in the activity. Additionally, students showed increased interest in and motivation to learn math through team activities. Moreover, these activities exposed students to real-world applications of mathematics outside the classroom.
In terms of transferring knowledge to a new context, Sanchez-Ruiz and Jamba (2008) evaluated the success of an extracurricular educational robotics program qualitatively. The program aimed to help students in grades 4-5 establish connections between acquired mathematical skills and computer programming. Further, the program was designed to help students understand how computers work and to help them build software using Squeak over a twoweek period. Based on surveys and student feedback, the authors demonstrated the benefits of using educational robots to facilitate students' ability to apply and transfer mathematical skills in programming.
Overall, studies for this theme supported the notion that when students can observe a program realized in robotics behavior, they are provided with the opportunity for a fascinating experiment in which ideas, scientific theories, and computer coding merge with the real world. In this way, educational robots may help students gain experiences that will facilitate a deep and abstract understanding required for constructing knowledge and enhancing critical thinking . In this context, ''deep'' implies the ability to recognize key concepts applied in the appropriate programming context, while ''abstract'' means the capacity to separate the essence of a mechanism from the syntactical details (Touretsky, 2013).
Theme 3: Creativity and Motivation
We found 53 educational robotics studies that addressed creativity and student motivation. These studies considered motivational aspects of a social or cultural trend, or creativity in pedagogy to improve students' motivation and interest in the subject (e.g., STEM courses, especially programming). These studies are driven by the idea that robotics can be a tool to encourage and enhance students' interest in learning STEM concepts . Further, by using the design of everyday experiences across settings and social groups, these studies showed that engaging with educational robots has the potential to promote students' creativity (e.g., .
Some studies found significant effects regarding the increase in student interest and motivation to study STEM with new trends and technologies. For example, Master, Cheryan, Moscatelli, and Meltzoff (2017) conducted a study with 96 six-year-old children and addressed the stereotype of boys being better than girls in STEM fields. They used randomly assigned control and treatment groups, where the treatment group was given programming experiences by using educational robotics, and the control group was not given any educational robotics experience. The study reported higher technology interest and higher self-efficacy in students who were in the treatment group compared to students in the control group. Furthermore, the study found no gender gap between boys and girls in this regard.
To explore the role of educational robotics on students' interest and motivation, Cuellar and colleagues (2014) used both quantitative and qualitative analysis approaches at a robotics education workshop. There were 12 participants in the workshop and researchers collected multimodal data, such as video-recordings of activities, participants' behavioral observations, and an evaluation rubric, to assess the performance of the participants. The study reported that design and implementation of unique and innovative educational robotics enhances student engagement in these activities, as well as their interest in science and technology.
In these studies, we observed that one of the factors that helped to increase student motivation and interest was using creative outlets. Shanahan and Marghitu (2013) argued for the potential benefits of using activities to promote creativity of middle school students in a program called Project Expression. The program focused on a film project, where participants were tasked with creating a movie that expressed an idea or belief about society using robotics platforms such as LEGO robotic platforms and virtual Alice platforms. During the program, participants were trained in java programming and the art of multimedia production. Based on 71 student surveys, the results showed that Project Expression represents a valuable example of a multimedia-based learning experience that draws students into the field of computer science and software engineering.
In general, the studies indicated that incorporation of creativity into the early stages of computing and STEM education functioned as a catalyst. This catalyst moved in two directions simultaneously, as it diminished the learning curve and increased interest among novices. However, despite the benefits of incorporating creativity in early STEM education, the same positive results have not been obtained at more advanced levels, lending way to the argument that, while useful for beginners, the benefits of creativity decrease as students progress down the STEM pipeline.
In sum, studies in this theme often focused on robotics learning activities that appear closer to everyday life aspects, and explored the role of educational robotics on motivational and creativity-related constructs. Furthermore, some studies in this theme argued that robotics helps educators to design socially and culturally relevant learning activities and units, which can enhance students' creativity and motivation.
Theme 4: Diversity and Broadening Participation
We found 16 studies that explored the effect of educational robotics as an effective tool to broaden the participation of underrepresented groups. These studies focused on increased participation or retention of females , minorities Zimmerman, Johnson, Wambsgans, & Fuentes, 2011) or other underrepresented populations in STEM fields Rosen & Newsome, 2011; . Mason and colleagues (2011) described the success story of two workshops, developed and designed to encourage female high school students for careers in Information Technology. They used 3D programming activities designed using Alice environment and Mindstorms robots. They evaluated the success of these workshops by using pre-and post-questionnaires. They specifically addressed the research question of how students' programming skills changed as a result of these workshops, and primarily addressed this question by collecting data on students' confidence in solving problems by using programming. The results indicated that students perceived an increase in their programming skills as a result of the workshops. Further, the attitudes of both groups toward programming improved, and students reported higher confidence in their programming abilities. The authors also discussed the success of robotics intervention for changing students' perceptions regarding programming. Searle and colleagues (2014) and Kafai and colleagues (2014) took a more holistic approach in their efforts to stimulate interest in African American, Latino, and Pacific Islander students. Searle and colleagues' (2014) program was designed for an individual's views and attitudes about the discipline. The researchers explored how students' attitudes and perspectives toward computing are shaped by engagement with robotic materials and how these relate (or fail to relate) to computational thinking. Ultimately, comparative analysis of pre-and post-surveys and interviews indicated that, upon completion of the program, students were better able to articulate a range of perspectives on computing, which could be linked to professional practice.
Summing up the 16 articles representing use of educational robotics with the goal of increasing diversity in STEM, numerous robotics summer camps and after-school programs have been designed to spark interest in underrepresented groups. In general, there were two study types:
(1) studies considering exposure to STEM via robotics and have shown robotically based curriculum to be successful in improving students' interest (e.g., ; and (2) studies demonstrating the relatively greater success achieved by programs that integrate robotics with other forms of social, cultural, and creativity-based motivation, such as Searle and colleagues (2014), Terry and colleagues (2011) , and Doerschuk and colleagues (2011) . Overall, these studies focused on promoting diversity and retention in STEM fields by integrating educational robotics in school curricula or by using informal learning platforms to introduce educational robots as an intervention and means to encourage underrepresented students.
Theme 5: Teachers' Professional Development
We found 28 studies that utilized educational robotics to improve the professional development of teachers. To improve teacher efficacy, many school districts now offer Professional Development (PD) workshops with the goal of instructing teachers on how to effectively integrate robotics into their teaching. discussed that teachers exhibit knowledge, skill, and pedagogy gaps, which consequently inhibit efficient teaching. In order to reduce the gap of knowledge and improve their instructional strategies, K-12 educators are encouraged to attend PD workshops ). Alimisis (2012) highlighted the role of constructivist pedagogy and consequent educational methodologies, while training teachers to use robotics for instructional purposes. In this framework, constructivist methods for integrating robotics in physics and informatics education, as well as professional teacher training, were evaluated. The study addressed whether the workshop was effective in helping teachers to learn pedagogical techniques by assessing how their students performed in robotic design competitions following the workshop. Exemplary projects from each case were reported to illustrate the learning potential of the proposed educational methodologies, which involved the use of robotics to study kinematics and programming concepts in physics and informatics. In the two case studies (concerning the construction of a small automated vehicle), the respective teachers attended a workshop that instructed them to serve as experienced advisors to students, assisting them only when necessary. By doing so, researchers intended to maximize the educational benefits provided to children. To evaluate the effectiveness of the workshop, the teachers followed up the workshop by instructing students in a vehicular robotics competition. Alimisis (2012) argued that because groups were competing against one another, it provided incentive to optimize the vehicular designs. The teacher also played the role of experienced advisor and intervened infrequently. This allowed students to make most of the decisions themselves through trial and error. Alimisis (2012) compared the teaching methodologies employed by teachers before and after attending the workshop. He found that the new constructivist approach enhanced student knowledge and academic performance.
While face-to-face workshops are considered the most popular way to provide PD to teachers, the amount of time that workshops require may be inconvenient for teachers, thus discouraging them from attending. An alternative to face-to-face workshops comes in the form of online courses that operate with a similar goal of improving pedagogical approaches adapted for teachers. As of now, few school districts have used Massive Open Online Courses (MOOCs) to train their teachers in computer programming concepts. Spradling and colleagues (2015) briefly reviewed the history of MOOCs, reasons for offering MOOCs to K-12 teachers, and shared their experiences teaching three Google-funded MOOCs to K-12 teachers. The primary goal of the evaluated MOOC was to increase the effectiveness of teaching pedagogies that implement Scratch-based programmable robotics kits. In the surveys, researchers asked what type of MOOCs materials were the most beneficial. Of the responses, 23 stated that instructional projects containing directions in the use of Scratch robotics were most useful, with videos a close second (19). Nine reported that the virtual meetings were most helpful, and five believed that the online forum was most beneficial. Also, when asked how likely they would be to incorporate the course materials into their courses, 18 (72%) of the 25 respondents indicated they would probably include MOOC course materials. For various personal and professional reasons, when the survey respondents were asked to rate their current MOOC experience, the authors found that the largest portion (45.8%) thought the MOOC experience was better than a face-to-face workshop. Spradling and colleagues (2015) found preliminary evidence supporting the use of online courses as a means of enhancing the quality of teachers on a grand scale.
In summary, it is crucial to ensure that teachers are effective in conveying information and concepts to students in a relevant and comprehensible manner. To achieve largescale success, we must find a way to train teachers in the most effective methodologies for fostering student learning via physical and virtual platforms, whether it be in the form of face-to-face workshops or online courses such as MOOCs. Overall, these studies indicated that educational robotics can be used in an effective way to train teachers using PD workshops for two specific reasons: (1) to introduce teachers to educational robots and enhance their knowledge and self-efficacy on robotics usage in their own classrooms; and (2) to engage teachers in robotics activities and curriculum design together, where teachers can provide immediate feedback on curriculum design and pedagogies, thus helping to improve and tailor the curriculum.
Limitations of the Study
Although we used a transparent mechanism of selection and inclusion, this study still has certain limitations. First, we included all studies that passed the inclusion criteria and relevance, and did not shortlist the studies based on their quality and reporting mechanism. This limitation is similar to what was noted by Slavin (1984) who highlighted the limitation of review studies and stated that they have less focus on the quality of the study itself. We overcame this bias by collecting data from authentic and reputed databases, which are known for including quality publications. Second, although we selected databases which included probable venues of publication of robotics papers, this selection was purely based on the authors' judgment. This criterion may introduce bias in the selection mechanism, and studies which are published at other venues may have not been part of this study. However, we tried to overcome this bias by doing a more inclusive search and including both conference and journal publications in our study. Third, like all systematic reviews, this study is limited by publication bias (Borrego, Foster, & Froyd, 2015) . The publication bias is evident because of predominant favor in publication of positive results by both the authors and publication venues (Rothstein, Sutton, & Borenstein, 2006) . We reduced this bias by including all studies that matched our criteria, which was not looking for positive results only. Also, as noted in the case of limitations of systematic reviews by Borrego, Foster, and Froyd, (2014) , we selected a few studies for outcome reporting. The exemplary studies in our analysis were selected based on their relevance to the theme. To reduce this bias, we used peer selection mechanisms to select the exemplary studies. We reported the outcomes based on studies which were selected by two authors. Further, we included 147 studies (out of the 635) in our analysis, a large number of studies compared to most systematic reviews in educational sciences. The number could have been revised by adding more stringent criteria of inclusion at full-review stage other than mere relevance.
Discussion and Conclusion
Educational robots help students in a variety of ways, including the understanding of abstract concepts (Eguchi, 2014) , providing them with a feedback-oriented learning environment (Bers, 2007) , giving them a collaborative working environment , and giving them opportunities to work and explore solutions to realworld problems (Miller, Nourbakhsh, & Siegwart, 2008) . In general, with educational robots, students demonstrate improved knowledge , show positive attitudes toward science, engineering, and robotics (Miller et al., 2008) , choose engineering as majors (Melchior, Cohen, Cutter, Leavitt, & Manchester, 2005; Scribner-MacLean et al., 2008) , and engage in an iterative design process (Hamner, Lauwers, & Bernstein, 2010) .
Based on our systematic review, we found a total of 147 studies published from the years 2000 to 2018. We classified these studies under five themes as: (1) general effectiveness of educational robotics; (2) learning and transfer skills; (3) creativity and motivation; (4) diversity and broadening participation; and (5) teachers' professional development. In this review, after evaluating each study and formulating detailed summaries, it was evident that research into educational robotics occurs at different levels and with various scopes. In the 32 studies that were classified in the theme of 'learning and transfer skills,' research questions were predominately formed to demonstrate the capacity of robotics to enhance students' abilities to actively construct and apply knowledge learned in one environment to a novel situation. For example, Touretsky (2013) suggested that robotics can support students in acquiring a deep and abstract conceptual understanding. These studies evaluated cognitive factors involved in teaching STEM education via robotic platforms by comparing control (non-robotic curriculum) and treatment (robotics-based curriculum) groups. Such comparative studies have been informative and have demonstrated the promising future of robotics in STEM education to increase students' ability to transfer knowledge. However, the shortterm nature of many of these studies has limited the range of plausible conclusions that can be drawn. Thus, it is essential to have long-term follow-up studies.
A substantial portion of the 147 studies also took a step back, focusing less on the direct benefits of educational robots and instead concentrating on ways in which to motivate students via the integration of social, cultural, or aesthetic elements. Eguchi (2014) argued that educational robots typically motivate students and enhance their interest in STEM fields. The results, however, indicated that while a majority of these studies focused on promoting students' creativity and motivation via social, cultural, or creative avenues reported success, there were some studies that showed no effect (e.g., Wyffels et al., 2014) . The success of such pedagogical approaches was often related to the background characteristics of the targeted student body, and students' prior knowledge about STEM-related concepts.
Acknowledging the lack of ethnic, socioeconomic, and gender diversity in STEM, 16 studies focused on increasing the proportion of women and minorities in STEM professions. Many underrepresented students are also disposed to having a strong aversion for STEM (due to misconceptions regarding the nature and relevance of the fields). So, researchers and educators are finding it beneficial to incorporate certain cultural, social, and aesthetic elements into their designed studies.
Bringing it all together, studies classified under 'teachers' professional development' took the broadest approach in their attempts to formulate the findings of micro-level research into fluid methodologies practical for teacher use. Studies of this theme typically evaluated teacher workshops that were designed to equip K-12 teachers with the skills and pedagogical approaches assumed to be most effective in maximizing student learning. Whereas face-to-face workshops have been investigated more thoroughly, the benefits of online courses are less explored, although open communication between those taking the course appears to be a requisite for success. In spite of the large number of studies dedicated to educating teachers about effective pedagogies, most abstained from using quantitatively rigorous methods of analysis, instead framing their results/findings based on anecdotal evidence from teacher feedback or surveys. Moreover, although many of the claims made regarding the improvement of teacher quality seem reasonable, some are invalid in a strictly statistical sense. To achieve substantiation, researchers will once again need to utilize more rigorous methods of analysis, similar to that seen in Alimisis (2012) . Additionally, because teacher surveys from previous workshop assessments suggest that teachers continue to improve over an extended time frame, longitudinal studies tracking the participants throughout the years would be valuable in determining practices that make a workshop effective. Such research would be useful for developing professionals who are adequately prepared to integrate educational robotics to teach STEM concepts.
Overall, this systematic review has considered the use of educational robotics in both formal and informal learning environments. This study has shown that educational robotics has potential as a learning and teaching tool, including supporting the education of students who do not display immediate interest in academic disciplines related to science or technology. Our findings suggest educational robotics allows for an integrated, multi-disciplinary approach that incorporates technical and social topics. This approach encourages students to build mental connections and associations with the breadth of engineering, physics, and mechanistic concepts. To motivate students and optimize the learning process, it is imperative that researchers and K-12 teachers incorporate-in combination with robotic platforms-a wide range of cognitive and affective methodologies.
Future Directions
With this systematic literature review, we observed a few future directions in terms of both intervention design and research design. It is observed that future studies that utilize different assessment methods would be useful in substantiating the benefits of ethnocomputing and uncovering more efficient methods for capitalizing on student cultural propensities in the context of a robotics curriculum. Regarding creativity, studies evaluating advantages and disadvantages of different platforms, such as Alice (Caprari, Estier, & Siegwart, 2001) , Scratch (Resnick et al., 2009) , and LEGO (Lau, Tan, Erwin, & Petrovic, 1999; Lund & Pagliarini, 1998) , would be valuable in helping educators decide which platform is most appropriate for particular reasons. It is also noted that research practices tend to conduct surveys on students only immediately after an intervention, such as at a camp or an educational program. However, conducting longitudinal studies that track the future decisions of career paths by individual participants would allow researchers to evaluate whether or not there are long-lasting effects. Furthermore, allowing participants time to reflect on the learning experiences would also provide feedback on what specific components of an educational program had an enduring influence on students' perceptions and interests. In addition, although some studies have explored the effectiveness of robotics on students' learning outcomes, more studies are needed to evaluate the relative effectiveness of robotics in comparison to other intervention-based instructional methods. Such studies will validate the use of resources in introducing robotics in K-12 spaces. Finally, as Streveler and Menekse (2017) suggested, more fine-grained studies are needed to understand the role of educational robotics across contexts, activities, and disciplines for which they are best suited, and for what kind of students. Taban, F., Acar, E., Fidan, I., & Zora, A. (2005 
